The genus Santolina (Asteraceae, tribe Anthemideae) is represented by more than 10 species widely distributed in Mediterranean area [1] . The medicinal interest of plants belonging to Santolina genus is evident from the several phytochemical investigations, which revealed the presence of compounds belonging to flavonoid, terpenoid, coumarin and polyacetylene classes [2] .
Among Santolina species, S. viridis W. (south of France and north of Spain), S. pectinata Lag. (Iberian peninsula) and S. chamaecyparissus L. (which grows wild all around the Mediterranean basin) are the most widespread.
S. chamaecyparissus L. is also known as "Suntoline", a name which derived from the word "Santo" referring to the medicinal properties of the herb, while in England it is called as "Cotton Lauender," in the U.S.A. it is known as "Lavender Cotton" [1] . S. chamaecyparissus is an aromatic evergreen herb that grows wild in North Africa and near the Mediterranean coasts of Southern Europe. It is used in traditional medicine against intestinal warms, as a spasmoliticum, anti-inflammatory, antiseptic, bactericide and was reported in phytotherapy for different kinds of dermatitis [3] . The composition of essential oil represents a main topic of the study of Santolina chamaecyparissus. In fact several studies reported the composition of its essential oil from species growing in various Mediterranean regions and in India [1, [4] [5] [6] . Our previous study focused on the chemical composition of the essential oil of this species [7] . Herein the phytochemical investigation of the aerial parts of S. chamaecyparissus is reported. in the phenolic content of the choloroformic and the butanol fractions were observed. The total phenolic content, expressed as gallic acid equivalents (GAE), was 6.62 mg of GAE/g chloroformic fraction and 240.20 mg of GAE/g n-butanol fraction ( Table 1 ). The antioxidant activity of the chloroformic and n-butanol fractions were tested by the DPPH and TEAC assays.
The fractions exhibited a concentration-dependent free radical scavenging activity expressed as EC 50 , μg/mL of antioxidant required to decrease the initial DPPH• concentration by 50%. This assay revealed that the antiradical activities of n-butanol fraction (EC 50 = 28.11) was higher than that shown by the chloroformic fraction (EC 50 = 168.90).
The TEAC values of S. chamaecyparissus n-butanol fraction and chloroformic fraction were compared to that of quercetin 3-Oglucoside ( Table 1 ). The results were in agreement with those shown in DPPH assay, revealing that the n-butanol fraction exhibited higher free-radical-scavenging activity than chloroformic fraction and comparable to that of quercetin 3-O-glucoside (TEAC value of 1.81 mM). With the aim to explore the difference of the phenolic composition between the two fractions, the chemical investigations of the butanolic and chloroformic fractions were carried out.
The CHCl 3 fraction was fractioned on silica gel column and successively purified by different chromatographic steps to obtain five compounds, eupatilin (1) [8] , circimaritin (2) [8], 4'-hydroxy-5,6,7-trimethoxyflavone (3), 1,3-propanediol,2-amino 1-(4hydroxy-3-methoxyphenyl) (4) and luteolin (5) [9] (Figure 1 ). Their structures were elucidated by extensive spectroscopic methods including 1D-( 1 H, 13 C and TOCSY) and 2D-NMR (DQF-COSY, HSQC, HMBC) experiments as well as ESIMS analysis.
Compounds 1-3 are unusual flavones with a methoxy group at C-6 and other additional methoxyl groups at C-5, C-3', and C-4', previously isolated from Santolina spp. [8, 10] .
The investigation of butanolic fraction led to the isolation of seven compounds, prunasin (6) [11] , luteolin 7-O-β-D-glucopyranoside (7) [12] , syringoside (8) [11] , junipeionoloside (9) [13] , citroside A (10) [14] , lonicerin (11) [15] and apigenin 7-O-β-Dneohesperidoside (12) [16] (Figure 1 ). Prunasin (6) and syringoside (8) are never reported in Santolina genus but described from other spp. of Asteraceae family [11, 17] . To date, luteolin-7-O-β-D-glucopyranoside (7) has been isolated from S. insularis and from S. pinnata, a small perennial shrub considered as sub-species of S. chamaecyparissus L. [10, 12] , while lonicerin (11) and apigenin 7-O-β-D-neohesperidoside (12) have never been isolated from Santolina genus. Junipeionoloside (9) is an unusual 2-oxo-α-ionol glucoside reported only from the aerial parts of Juniperus phoenicea and Galega officinalis [13] , while citroside A (10) is a sesquiterpene never found in Santolina genus. Both compounds 9 and 10 have never been reported in the Asteraceae family.
To the author's knowledge a dated paper reported the presence of patuletin and luteolin from the capitula and leaves of S. chamaecyparissus [18] , so far investigated mainly for the essential oil content. This study provides deeper insight into the chemistry of the phenolic fraction of the aerial parts of S. chamaecyparissus, highlighting also the good antioxidant activity of the butanolic fraction. 
Experimental
General procedures: NMR experiments were performed on a Bruker DRX-600 spectrometer (Bruker BioSpinGmBH, Rheinstetten, Germany) equipped with a Bruker 5 mm TCI CryoProbe at 300 K. All 2D-NMR spectra were acquired in methanol-d 4 (99.95%, Sigma-Aldrich) and standard pulse sequences and phase cycling were used for DQF-COSY, HSQC, HMBC and ROESY spectra. The NMR data were processed using Topspin 3.2 software. Column chromatography was performed over Sephadex LH-20 (Pharmacia). HPLC separations were carried out on a Waters 590 system equipped with a Waters R401 refractive index detector, a Knauer Prep MSC18 column (300 x 8 mm i.d.), and a Rheodyne injector. TLC was performed on silica gel F254 (Merck) plates, and reagent grade chemicals (Carlo Erba) were used throughout. Extraction: Air dried aerial parts (2.500 kg) of Santolina chamaecyparissus were extracted at room temperature with EtOH/ H 2 O (7:3) for two days, three times. The crude extract was concentrated (up to 35°C), dissolved in distilled H 2 O (1000 mL) under magnetic stirring and put in the refrigerator for one night. After filtration the resulting solution was successively partitioned with CHCl 3 and n-BuOH. The organic layers were dried with Na 2 SO 4 , filtered and concentrated under reduced pressure to obtain the following fractions: CHCl 3 (9.25 g) and n-BuOH (22 g). Method) : The butanolic and chloroformic fractions of Santolina chamaecyparissus L. were analyzed for their total phenolic content according to the Folin-Ciocalteu (FC) colorimetric method [19] determined according to the procedure previously reported. Butanolic and chloroformic fractions were dissolved in methanol to obtain a concentration of 0.5 mg/mL. Folin-Ciocalteu phenolic reagent (0.5 mL) was added to centrifuge tubes containing 0.5 mL of the extracts. The contents were mixed, and 1 mL of a saturated sodium carbonate solution was added to each tube, followed by adjusting the volume to 10 mL with distilled water. The contents in the tubes were thoroughly mixed by vortex and keep at room temperature for 45 min (until the characteristic blue color developed) and then centrifuged at 3000 rpm for 5 min (International Equipment Co.). Absorbance of the clear supernatant was measured at 517 nm on a UV-visible spectrophotometer (Evolution 201, Thermo Fisher Scientific, Italy). A control without FC reagent and a blank with methanol instead of sample were included in the assay. The total polyphenolic content was expressed Phenolics from Santolina chamaecyparissus Natural Product Communications Vol. 12 (10) 2017 1607 as gallic acid equivalents (GAE mg/g extract, means ± SD of three determinations) calculated by calibration curves (y=0.0027x+0.0982 R² = 0.9929)
Determination of Total Phenolic Content (Folin−Ciocalteu

Antioxidant activity (TEAC assay):
The in vitro antioxidant activities of the chloroformic and butanol fractions of S. chamaecyparissus L were determined by the Trolox Equivalent Antioxidant Capacity (TEAC) assay as previously reported [20] .
The extracts were diluted with methanol to produce solutions of 0.25, 0.50, 0.75, and 1 mg/ml. The reaction was initiated by the addition of 1.5 mL of diluted ABTS to 15 μL of each sample solution. Determinations were repeated three times for each sample solution. The percentage inhibition of absorbance at 734 nm was calculated for each concentration relative to a blank absorbance (methanol) and was plotted as a function of concentration of compound or standard, 6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid (Trolox, Aldrich Chemical Co., Gillingham, Dorset, UK). The antioxidant activities are expressed as TEAC values in comparison with TEAC activity of quercetin 3-O-glucoside, used as reference compound. The TEAC value is defined as the concentration of a standard Trolox solution with the same antioxidant capacity as a 1 mg/mL of the tested extract.
Determination of DPPH Radical Scavenging Activity.
The antiradical activities of butanolic and chloroformic fractions and vitamin C (positive control) were determined using the stable 1,1diphenyl-2-picrylhydrazyl radical (DPPH•) and the procedure previously described by Kirmizibekmez [21] . An aliquot (37.5μL) of the methanol solution containing different amounts of each extract, fraction, or compound was added to 1.5 mL of daily prepared DPPH• solution (0.025 g/L in MeOH); the maximum concentration employed was 200 μg/mL. An equal volume (37.5 μL) of the vehicle alone was added to the control tubes. Absorbance at 517 nm was measured on a UV-visible spectrophotometer (Evolution 201, Thermo Fisher Scientific, Italy) 10 min after starting the reaction. The DPPH• concentration in the reaction medium was calculated from a calibration curve (range = 5−36 μg/mL) analyzed by linear regression (y = 1.215x +15.857, R 2 = 0.96 and y = 0.296x -0.603, R 2 = 1). The mean effective scavenging concentrations (EC 50 , μg/mL) were calculated, and the results are reported in Table 1 .
Isolation of compounds 1-12:
Part of the CHCl 3 fraction (5.5 g) was purified on silica gel with a gradient (flow rate 15.0 mL/min) of cyclohexane/ethyl acetate as eluent to afford 23 subfractions (8 mL) monitored by TLC. Subfraction 12 (110.8 mg) and subfraction 14 (265.7 mg) which contained yellowish precipitates were filtered. The obtained precipitates were washed with methanol to afford compound 1 (63.7 mg) and compound 2 (50.4 mg), respectively. Subfraction 15 (155.86 mg) was purified by preparative TLC (Petroleum ether:ethyl acetate 7:3) to give 7 fractions (S1-S7). Fractions S5 (10mg), S6 (12mg), and S7 (10mg) were purified on a Sephadex LH-20 (Pharmacia) column (100 x 5 cm) with MeOH as mobile phase to give compounds 3 (1mg), 4 (2 mg), and 5 (1 mg).
Part of the BuOH fraction (18 g) was purified on silica gel with a isocratic system of ethyl acetate: acetic acid: water (6:1:1) as eluent to afford 20 subfractions (8 mL) monitored by TLC. Subfraction 4 (970 mg) was further purified by column of silica gel using as eluent CHCl 3 /MeOH to give ten sub-subfractions (B1-B10). Subsubfraction B6 contained compound 6 (50.4 mg). Sub-subfraction B5 (1.4 g) was washed by methanol then filtered to give the pure compound 7 (47.8 mg). Subfraction 6 (0.6 g) was further purified on silica gel column eluted with a gradient of CHCl 3 :MeOH (flow rate 15.0 mL/min) to afford 16 sub-subfractions (C1-C16) (8 mL) monitored by TLC.
Sub-subfraction C8 (79 mg) was analyzed by semipreparative HPLC using MeOH-H 2 O (4:6) as mobile phase (flow rate 2.5 mL/min) to yield compound 8 (0.7 mg, t R = 7.2 min). Subsubfraction C10 (80 mg) was analyzed by semipreparative HPLC using MeOH-H 2 O (4:6) as mobile phase (flow rate 2.5 mL/min) to yield compound 9 (1.0 mg, t R = 7.8 min). Sub-subfraction C7 (148.2 mg) was analyzed by semipreparative HPLC using MeOH-H 2 O (4:6) as mobile phase (flow rate 2.5 mL/min) to yield compounds 10 (1.2 mg, t R = 9.2 min), 11 (1.2 mg, t R = 22.2 min), and 12 (1.1 mg, t R = 38 min)
